To study cone photoreceptor structure and function associated with mutations in the second intradiscal loop region of peripherin/RDS. METHODS. High-resolution macular images were obtained with adaptive optics scanning laser ophthalmoscopy and spectral domain optical coherence tomography in four patients with peripherin/RDS mutations and 27 age-similar healthy subjects. Measures of retinal structure and fundus autofluorescence (AF) were correlated with visual function, including best-corrected visual acuity (BCVA), kinetic and static perimetry, fundusguided microperimetry, full-field electroretinography (ERG), and multifocal ERG. The coding regions of the peripherin/RDS gene were sequenced in each patient. RESULTS. Heterozygous mutations in peripherin/RDS were predicted to affect protein structure in the second intradiscal domain in each patient (Arg172Trp, Gly208Asp, Pro210Arg and Cys213Tyr). BCVA was at least 20/32 in the study eye of each patient. Diffuse cone-greater-than-rod dysfunction was present in patient 1, while rod-greater-than-cone dysfunction was present in patient 4; macular outer retinal dysfunction was present in all patients. Macular AF was heterogeneous, and the photoreceptor-retinal pigment epithelial (RPE) junction layer showed increased reflectivity at the fovea in all patients except patient 1, who showed cone-rod dystrophy. Cone packing was irregular, and cone spacing was significantly increased (zscores Ͼ2) at most locations throughout the central 4°in each patient. CONCLUSIONS. peripherin/RDS mutations produced diffuse AF abnormalities, disruption of the photoreceptor/RPE junction, and increased cone spacing, consistent with cone loss in the macula. The abnormalities observed suggest that the integrity of the second intradiscal domain of peripherin/RDS is critical for normal macular cone structure. (Invest Ophthalmol Vis Sci. 
P eripherin/RDS is an integral membrane glycoprotein involved in photoreceptor outer segment formation. 1 peripherin/RDS mutations on chromosome 6p were first reported to cause autosomal dominant retinitis pigmentosa (RP) 2, 3 but have since been shown to cause a wide variety of retinal phenotypes including pattern dystrophy, 4, 5 cone-rod dystrophy, 6 adult vitelliform macular dystrophy, 7 central areolar choroidal dystrophy, 8, 9 and autosomal dominant macular dystrophy. 10 Peripherin/RDS forms a complex with ROM1, which also plays a role in photoreceptor outer segment disc formation, and heterozygous mutations in peripherin/RDS and ROM1 may produce a digenic form of RP. 11 The highly conserved second intradiscal loop is thought to be integral for peripherin/RDS protein function and, thus, for outer segment disc generation and stabilization. 6, 12 More than 90 different mutations in the peripherin/RDS gene have been associated with retinal degeneration, and mutations at the same amino acid position have been associated with diverse clinical phenotypes (http://www.retina-international.org/scinews/rdsmut.htm). Mutations affecting the intradiscal D2 domain of peripherin/RDS manifest a variety of different retinal degeneration phenotypes, supporting the importance of this region for normal photoreceptor outer segment structure and survival. Altering the DNA from cysteine to thymidine at position 514 of the peripherin/RDS cDNA causes an arginine to tryptophan substitution at position 172 (R172W), which has been associated with macular dystrophy, central areolar choroidal dystrophy, cone dystrophy, and cone rod dystrophy. 6, 10, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Changing guanine to adenosine at position 623 alters the amino acid at position 208 from glycine to aspartic acid (G208D) and is thought to alter the secondary structure of the protein. 24 The G208D mutation has been associated with atypical autosomal dominant RP, 25 pattern macular dystrophy, 10 and central areolar dystrophy. 13 Substituting guanine for cysteine at position 629 changes the amino acid at position 210 from proline to arginine (P210R) 23, 26 and produces adult foveomacular dystrophy 26 and both macular and peripheral retinal degeneration, including cone-rod degeneration and RP. 23, 27 Finally, substituting guanine for adenosine at position 637 changes the amino acid at position 213 from cysteine to tyrosine and causes pattern dystrophy. 4 This cysteine is thought to play an important role in intrachain or interchain disulfide bond formation, and mutations at this location may disrupt photoreceptor disc membrane integrity, resulting in photoreceptor degeneration and lipofuscin accumulation in RPE cells. 4 Given the dramatic phenotypic variation observed within and between families with the same mutation, the effect of peripherin/RDS mutations on cone structure in living eyes is not clearly understood. Adaptive optics scanning laser ophthalmoscopy (AOSLO) uses adaptive optics to overcome optical imperfections in living eyes and can be used to obtain retinal images with lateral resolution of approximately 2 m, allowing direct visualization of photoreceptors. 28 -31 Direct visualization of the cone mosaic in patients with retinal degeneration allows comparison of cone spacing, density, and regularity with healthy subjects. [32] [33] [34] [35] In combination with other imaging and diagnostic modalities, measures of cone structure provide insight into the effect different types of retinal degeneration have on macular cones. 32,33,36 -38 Here we present high-resolution retinal images for four patients with mutations in the peripherin/RDS gene, allowing direct in vivo genotype-phenotype correlation of cone photoreceptor structure and function at the cellular level.
METHODS
Research procedures followed the tenets of the Declaration of Helsinki. Informed consent was obtained from all subjects after explanation of the nature and possible consequences of the studies. The study protocol was approved by the institutional review boards of the University of California at San Francisco and the University of California at Berkeley.
Clinical Examination
A complete history was obtained, including information about all known family members. Clinical findings are summarized in Table 1 . Measurement of best-corrected visual acuity (BCVA) was performed using a standard eye chart according to the Early Treatment of Diabetic Retinopathy Study protocol. The eye with better visual acuity or more stable fixation, or both, was chosen for further study. Goldmann kinetic perimetry was performed with V-4e and I-4e targets. Automated perimetry was completed with a Humphrey visual field analyzer (HFA II 750-6116-12.6; Carl Zeiss Meditec, Inc., Dublin, CA) 10-2 SITAstandard threshold protocol with measurement of foveal thresholds, using a Goldmann III stimulus on a white background (31.5 apostilbs); exposure duration was 200 ms. Color vision was examined using the Farnsworth Dichotomous Test for Color Blindness (D-15; Psychological Corporation, New York, NY); patient 1 made no errors on the Farnsworth D15 test and was tested using the Lanthony's Desaturated 15 Hue test. The data were analyzed using a Web-based platform scoring method (http://www.torok.info/colorvision), and the error scores were calculated using methods proposed by Bowman 39 and Lanthony. 40 Pupils were dilated with 1% tropicamide and 2.5% phenylephrine before obtaining optical coherence tomography (OCT), infrared SLO, and fundus autofluorescence (AF) images using a laser scanning system (Spectralis HRA ϩ OCT Laser Scanning Camera System; Heidelberg Engineering, Vista, CA). The infrared beam of the super luminescent diode, center wavelength 870 nm, was used to acquire 20°h orizontal scans through the locus of fixation; scans included 100 A-scans/B-scan for images through the locus of fixation and 10 A-scans/ B-scan for the 19 horizontal scans used to acquire the 20°ϫ 15°v olume scans. Central foveal subfield (CFS) thickness, defined as the average of all points within the inner circle of 1-mm radius from a 20°v olume scan with 19 raster lines separated by 266 m, was measured using the laser scanning (Spectralis HRA ϩ OCT Laser Scanning Camera System; Heidelberg Engineering) software. The software automatically maps the strongest two edges in each tomogram, one at the vitreoretinal interface and the other at the basement membrane of the retinal pigment epithelium (RPE)-Bruch membrane complex. CFS thickness of the study patients was compared with values from 18 normal eyes ranging in age from 41 to 75 years (normal, 286.4 Ϯ 16.2 m [mean Ϯ 1 SD mean Ϯ 1 SD ϭ]). Full-field ERG was performed after 45 minutes of dark adaptation using a Burian-Allen contact lens electrode (Hansen Ophthalmic Development Laboratory, Iowa City, IA), according to International Society for Clinical Electrophysiology and Vision (ISCEV) standards 41 and as described previously. 33 Reduced amplitudes were reported as percentage below the mean; normal mean values and standard deviations (SD) are presented in Table 1 . Multifocal ERG testing was performed in a light-adapted state (VERIS 5.1.10ϫ; Electro-Diagnostic Imaging, Inc., Redwood City, CA), using a Burian-Allen contact lens electrode according to ISCEV standards, as previously described. 32, 36 Fundus-guided microperimetry (MP-1; Nidek Technologies America Inc., Greensboro, NC) tested 45 locations 40 ; CFS thickness (mean Ϯ 1 SD) of 18 normal eyes aged 41 to 75 years ϭ 286.4 Ϯ 16.2 m. † Expressed as a percentage of the normal mean amplitude (rod, 272 V; cone flicker, 121 V); 2 SD below normal is 65% for rod b-wave and 54% for cone flicker; normal rod timing is Ͻ105 ms; normal cone flicker timing is Ͻ32 ms.
within the central 8°visual field, as previously described. 32, 33, 36 Numeric sensitivities in decibels (dB) were exported and overlaid with AOSLO images using computing software (MatLab; The MathWorks, Natick, MA). Mean 
Genetic Testing
Molecular analysis of the peripherin/RDS gene was performed by CLIA-certified laboratories (John and Marcia Carver Nonprofit Genetic Testing Laboratory, Iowa City, IA; University of Michigan Ophthalmic Molecular Diagnostic Laboratory, Ann Arbor, MI; University of TexasHouston Laboratory for the Molecular Diagnosis of Inherited Eye Disease, Houston, TX, through eyeGENE). The three coding exons and the flanking intronic regions of the peripherin/RDS gene were amplified by PCR and sequenced in two directions. The NCBI Reference Sequence Data Project (RefSeq; http://www.ncbi.nlm.nih.gov/refseq/) reference mRNA sequence is NM_000322, with codon 1 corresponding to the start ATG and nucleotide 1 corresponding to the A.
AOSLO Image Acquisition and Cone Spacing Analysis
High-resolution images were obtained using AOSLO, and images were analyzed with customized software to determine cone spacing measures using previously described methods. 32, 33, 36, 42 Cone spacing measures were compared with those of 27 healthy subjects ranging in age from 20 to 72. The average number of measurements per healthy subject was more than eight; no more than 15 measures were taken for any person. A double exponential function was fit to the spacing data:
where A, B, C and D are constants; 95% confidence limits were estimated using the curve-fitting toolbox (MatLab; The MathWorks). Cone spacing in the patients was measured at a range of eccentricities from as close to the fovea as possible out to 5°eccentricity in all directions. Z-scores for each patient's cone spacing measurements were computed as the number of standard deviations from the bestfitting line to the normal data. The exact location of the retina used for fixation (preferred retinal locus [PRL]) was determined by recording a video while the patient looked at a target that was delivered through modulation of the AOSLO scanning raster. As such, the fixation target was encoded into the video, and the region of the retina used to fixate the target could be determined using custom image analysis tools (MatLab; The MathWorks).
To further quantify the differences in eyes between patients and subjects, a Voronoi analysis of selected cones was performed in each of the patients, and metrics similar to those reported previously on photoreceptor mosaics were generated. 33, [43] [44] [45] [46] Contiguous sets of at least 100 cones were selected for analysis. The exact locations and the number of regions depended on where unambiguous, contiguous arrays of cones were best visualized. The relative SD of the Voronoi domain areas, the percentage of triangularly packed cones, and the relative SD of the number of Voronoi polygon sides were compared with those of healthy subjects.
RESULTS
Four unrelated patients with peripherin/RDS mutations ranged in age from 45 to 65 years. Family history included central vision loss in the sixth decade for the father and paternal aunt and in the third decade for 1 of the 3 sons of the paternal aunt of patient 1, and central vision loss in the fourth decade for the mother, one maternal aunt, and the maternal grandmother of patient 2. BCVA ranged from 20/20 to 5/100. Foveal sensitivities were reduced and ranged from 35 to 13 dB. Fundus examination revealed bilateral symmetric RPE mottling with focal RPE atrophy in patients 1, 2, and 4; the fovea was spared in all patients (Figs. 1-4A ). AF showed diffuse heterogeneity throughout the macula in all the patients and virtual absence of AF in regions of RPE atrophy (Figs. 1-4B 
FIGURE 1.
Fundus photograph (A) and AF (B) of patient 1 (Cys213Tyr) shows RPE mottling diffusely throughout the macula with regional atrophy inferonasal to fixation. (A, B, black 
(D) High-resolution images of macular cone structure show cone spacing is contiguous around fixation but the spacing is generally increased with interspersed patches of normal spacing. Red dot: fixation. Fundus-guided microperimetry shows Ͼ2 log units sensitivity loss (indicated by 0) in a small atrophic region inferonasal to the fovea, 1 to 2 log units sensitivity loss in areas of heterogeneous AF, and normal sensitivity (indicated by 20 dB) within 0.5°of fixation (E). Scale bar ϭ 1°. Red dot: fixation. Fundus-guided microperimetry shows Ͼ2 log units sensitivity loss (indicated by 0) in regions of heterogeneous AF, with 1 to 2 log units sensitivity loss within 1°of fixation (E). A hyperreflective region with increased cone spacing (Z-score 5.7) was present at the fovea (see Fig. 6B , left). Scale bar, 1°.
in amplitude and timing in each eye of patients 2 and 3, but cone responses were reduced to a greater extent than rod responses in patient 1, and rod responses were severely reduced to a greater extent than cone responses in patient 4 ( Table 1) . Multifocal ERG response densities were moderately to severely reduced, with delayed timing in each patient (Table 1) . OCT showed extensive loss of the outer nuclear, inner segment, and outer segment layers in the central macula. At the fovea, outer retinal structure was relatively preserved, but hyperreflective, irregular structures were present in the outer segment-RPE junction layer in all patients; however, this layer was least abnormal in patient 1, who had the best visual acuity and visual sensitivity of the patients despite having a cone-rod dystrophy phenotype based on full-field ERG testing (Figs. 1-4C, 5 ). Cone spacing was significantly increased from normal (Z-scores Ͼ5) in many regions through the central 4°, although cone spacing variation was heterogeneous and patches with normal cone spacing were interspersed with more sparsely packed cones (Figs. 1-4D) . Furthermore, hyperreflective cones were observed adjacent to fixation in patients 2 and 3. Microperimetry showed reduced sensitivity by 1 to 2 log units throughout the central 8°, with best function in the central 2°s urrounding the fovea (Figs. 1-4E ). Genetic testing revealed heterozygous single nucleotide changes predicted to affect peripherin/RDS protein structure in the second intradiscal D2 domain in each patient (Table 1) .
Contiguous patches of cones from each patient, averaging just over 100 cones per patch, were selected for Voronoi analysis. For comparison, five contiguous patches of cones at similar locations were selected from AOSLO images of three healthy eyes. Table 2 shows the results. A one-tailed t-test showed highly significant differences (P Ͻ 0.001) in the following metrics: relative SD (in %) of the area of the Voronoi patches and the relative SD (in %) of the number of sides of the Voronoi polygons. A one-tailed Mann-Whitney U test showed a highly significant difference (P Ͻ 0.001) in the percentage of six-sided polygons. These indicate that there is a disruption in normal cone packing associated with the increase in cone spacing. Figure 6 shows representative images of the cone mosaic in patient 2 with Voronoi polygon overlays.
The foveal AOSLO images and the OCT scans for all patients are shown at high magnification in Figure 5 . CFS thickness was 233 m in patient 1, 237 m in patient 2, 217 m in patient 3, and 231 m in patient 4, all of which were significantly lower than the normal values. The minimum distance at the foveal depression between the inner limiting membrane and the external limiting membrane was measured manually and compared with normal data. The outer nuclear layer thickness at the fovea (normal, 116.1 Ϯ 13.2 m [mean Ϯ 1 SD]) was within normal limits for all patients. The distance between the inner segment/outer segment junction and the basement membrane of the RPE-Bruch membrane complex at the fovea in each subject was within 1 SD of the normal mean (75.7 Ϯ 4.9 m; patient 1, 70 m; patient 2, 77 m; patient 3, 83 m; patient 4, 59 m). However, the outer segment-RPE junction layer showed increased reflectivity in all patients. The location of fixation for patients 2 and 3 coincided with the hyperreflective central region observed on both AOSLO and OCT images (Figs. 5B, 5C ). Patient 4 used a reflective region of cones surrounded by regions of reduced reflectivity, and the outer segment-RPE junction layer was hyperreflective on OCT (Fig.  5D ). The OCT indicated that the hyperreflectivity arose at the outer segment-RPE junction layer. Despite these changes, the cones remained functional and were used for fixation. 
DISCUSSION
Using high-resolution imaging techniques, we observed the following features in a small number of unrelated patients with disease-causing mutations in the peripherin/RDS gene predicted to affect protein structure in the second intradiscal domain. In general, cone spacing was increased significantly throughout macular regions of irregular, heterogeneous AF; however, regions with normal cone spacing surrounded by regions of increased cone spacing were occasionally present (patient 3; Fig. 3D ). In addition, cone packing was abnormal throughout regions of heterogeneous AF, demonstrated with Voronoi analysis ( Fig. 6 ; Table 2 ). Visual sensitivity was reduced in most regions with heterogeneous AF, though visual acuity was well preserved and sensitivity was normal near the fovea in patient 1. OCT measures of retinal thickness demonstrated diffuse loss of outer retinal structures extending from 0.5°eccentricity, with relative preservation of the outer nuclear and inner segment layers at the fovea corresponding to reduced CFS thickness in the study patients compared with healthy subjects. At the fovea, the outer segment and the RPE layers showed hyperreflective profiles; these changes were least pronounced in patient 1, who demonstrated diffuse cone dysfunction on full-field ERG testing, consistent with primary cone degeneration. These findings suggest that in patients with peripherin/ RDS-associated retinal degeneration, foveal photoreceptor structure and function are preserved within macular regions of increased cone spacing and outer retinal degeneration. Local factors contributing to the observed regional intramacular variability could include differential accumulation of lipofuscin in RPE cells, increased melanin in foveal RPE cells, a protective function of macular pigment, or the lack of rod photoreceptors at the fovea. Our findings suggest that although peripherin/ RDS is critical for rod and cone outer segment structure throughout the retina, photoreceptor survival is determined locally by regional factors. This hypothesis is supported by previous reports of greater pericentral than peripheral dysfunction and normal phototransduction in patients with heterozygous mutations in peripherin/RDS associated with retinal degeneration. 15, 47 In addition, mice with heterozygous mutations in rds show retention of cone cell nuclei in the central retina more frequently than rod cell nuclei. 48 Our findings suggest that foveal cones may be resistant to photoreceptor degeneration caused by peripherin/RDS mutations, perhaps implicating local factors such as RPE melanin, lipofuscin accumulation, or macular pigment in the pathogenesis of peripherin/RDSassociated retinal degeneration. Future studies on macular pigment in patients with in peripherin/RDS-associated retinal degeneration may help distinguish between these alternative hypotheses.
The foveal sparing observed in patients with peripherin/ RDS-associated retinal degeneration makes visual acuity a poor measure of disease severity and progression. The four patients in the present study had variable degrees of disease severity, ranging from localized macular abnormalities in AF and sensitivity in patient 3 to diffuse photoreceptor dysfunction in (C) SD-OCT through fixation reveals outer nuclear, inner segment, and outer segment layer loss eccentric to a central region of relatively preserved outer retinal structure, where highly reflective features are present in the outer segment/RPE junction layer (arrow) in addition to an inner retinal hyporeflective space (asterisk). (D) High-resolution images of macular cone structure show cone spacing is near normal at the fovea (2.27-2.94 SD greater than mean) but is more significantly increased in regions of reduced reflectivity nasal to the fovea (4.04 -6.86 SD above mean). Red dot: fixation. Fundus-guided microperimetry shows Ͼ2 log units sensitivity loss (indicated by 0) in regions of atrophy seen on AF, with Ͻ1 log unit sensitivity loss within 1°of fixation (E). Scale bar, 1°. patients 1 and 4, but vision was at least 20/30 in at least one eye in all patients. More sensitive indices of disease severity and progression might include foveal or macular sensitivity, color vision, and macular structural measures such as OCT and AOSLO. Foveal preservation may make peripherin/RDS-associated retinal degeneration an attractive candidate for neuroprotective therapies designed to slow disease progression. 49 Clinical trials designed to measure response to experimental therapies may have to study nontraditional outcome measures, including foveal and macular sensitivity and high-resolution structural measures such as those presented here, to most precisely measure safety and efficacy in patients with peripherin/RDS-associated retinal degeneration because visual acuity is likely to be an insensitive measure in this patient population.
The relationship between hyperreflective cone profiles on both OCT and AOSLO in regions of preserved visual function at or near fixation is worthy of longitudinal study. Perhaps cones progress from normal heterogenous reflective profiles to a diseased state with irregular inner segment/outer segment junction and outer segment/RPE junction layers on SD-OCT, where cones retain function but show increased reflectivity. Progressive degeneration may be associated with reduced reflectivity associated with reduced sensitivity and increased cone spacing, as observed in patient 4 in regions where unambiguous cones were visualized adjacent to regions of RPE atrophy (Fig. 4D) .
Some features of clinical retinal degeneration associated with peripherin/RDS mutations suggest there are similarities to the rdsϮ mouse model, in which the peripherin/RDS heterozygote has unstable disc structure, altered disc shedding, and large phagosomes in the RPE that lead to secondary RPE changes and fundus abnormalities. 15, 50 In the present study, irregular profiles were observed in the outer segment/RPE junction layer throughout the macula and especially at the fovea in all patients (Figs. 1-4C ). These hyperreflective profiles were associated with an irregular, disrupted appearance to the Left: magnified section of AOSLO image for each patient around the fixation point (black dots). Patients 2 and 3 use a region of hyperreflective cones for fixation, whereas fixation is located between two highly reflective regions in patient 4. Right: horizontal OCT scans through fixation. Outer retinal structures are relatively preserved at the fovea, but the outer nuclear layer is thin, and the outer segments/RPE junction layer is hyperreflective and elongated in patients 2 to 4 (B-D). The outer segments in patient 1 (who had evidence of diffuse cone dysfunction and the best visual acuity and sensitivity) were the least elongated and hyperreflective (A, right). Scale bars, 0.67°. outer segment/RPE junction layer within several degrees of the fovea in the macula of each patient. A similar pattern of disrupted inner segment/outer segment layers with foveal preservation was reported by Godara et al 34 in a patient with fundus AF characteristics similar to those observed in patients with mutations in peripherin/RDS, although molecular characterization of the peripherin/RDS gene was not described in that study. The irregular outer segment layer observed in the present study may represent the human analog of the abnormal outer segment whorl-like structures reported in mice with heterozygous mutations in peripherin/RDS 48 and transgenic mice expressing a proline-216-leucine substitution in peripherin/RDS. 51 The outer segment/RPE junction layer abnormalities may be attributed to abnormal intracellular interactions or abnormal interactions with the extracellular matrix. In addition, the hyperreflective outer segment/RPE junction layer and cone profiles observed with OCT and AOSLO may represent light wave-guided by cones overlying RPE cells with enlarged phagosomes containing shed abnormal disc outer segments, as have been observed in rdsϮ mice, 48 or RPE cells engorged with lipofuscin deposits, as reported in a histopathological study of a patient with pattern dystrophy caused by the Cys213Tyr mutation as in patient 1 in the present study. 4 Perhaps enlarged phagosomes or lipofuscin increase scattered light from RPE cells, with secondary increased wave-guiding of overlying cone inner segments. The present study provides functional correlates to the observation of outer segment abnormalities caused by peripherin/RDS mutations; hyperreflective, abnormal outer segments retain useful function at the fovea, though sensitivity is reduced in association with irregular, disrupted outer segment/RPE junction layer profiles in the macula outside the foveal center.
Light and electron microscopic analysis of a retina from a patient with the Cys213Tyr peripherin/RDS mutation showed RPE cells distended with lipofuscin and melano-lipofuscin associated with disrupted outer segments and abrupt transition between areas of photoreceptor and RPE atrophy and relatively intact retina. 4 Immunohistochemical and electron microscopic evaluation of the peripheral retina of a patient with the R172W peripherin/RDS mutation showed reduced outer segment length and density and dysplastic outer segments with discs distorted into whorl-like structures. 52 A clinicopathological study of a patient whose family was subsequently found to carry the P210R mutation showed focal loss of retinal photoreceptors and pigment migration into the retina with clumping of pigment-laden cells and chorioretinal adhesion at the fovea and paracentral thinning of the pigment epithelium. 53 No histologic studies have been reported from patients with maculopathies caused by the G208D peripherin/RDS mutations.
Histopathologic specimens studied ex vivo preclude accurate correlation between macular cone structure and function. Measures of outer retinal structure and function on a localized scale, such as that presented in the present study, provide critical insight into the effect of peripherin/RDS mutations on macular photoreceptors and demonstrate significant regional variation within the maculae of affected patients. These findings may yield insight into local factors that affect photoreceptor resistance or sensitivity to degeneration in patients with mutations in peripherin/RDS. Contiguous sets of ϳ100 cones were selected for analysis. The top three sets are from normal healthy eyes, and the lower four sets are from the four patients. SNIT refers to superior, nasal, inferior, and temporal retinal directions. In patients with peripherin/RDS mutations, the SD of the Voronoi domain area is greater, the percentage of six-sided polygons is lower, and the SD of the number of sides is greater. P values are listed on the lowest row of the table.
